Based on the competency indicators of the nine-year compulsory curriculum in Taiwan, this study constructed a self-assessment scale suitable for use by junior high school students to evaluate their comprehension of sciencerelated concepts. Using random strata sampling this study surveyed ninth grade students in Taiwan in 2012. A total of 1,326 questionnaires were distributed and 1,005 valid questionnaires were recovered. The Rasch model was employed to study the self-assessment results and analyze difficulties in learning science-related concepts as well as discrimination, reliability, validity, suitability, and data error detection. The three conclusions of this study are as follows: 1) Diagnostic tests for teaching evaluation should be based on Rasch measurement results. 2) A structure for diagnosing the item response of students should be constructed to replace conventional test analysis and to build a framework for diagnosing the response of students to test items. 3) The actual capabilities of students must be considered in the development and selection of teaching activities.
Introduction
Many nations have introduced successful educational reform programs in response to the tide of globalized education reforms and the demands of social and cultural change. The success of implementing new curriculum is strongly influenced by how schoolteachers explain and interpret these concepts (DeBoer, 2011) . Previous experience in curriculum reform, such as the standards-based curriculum launched by the U.S, the attainment targets in the UK, the key competencies promoted in Australia, and the achievement objectives in New Zealand, has shown that competencies or standards that have not been examined and reviewed cannot be understood or identified by schoolteachers, much less implemented within a teaching environment (Burgess & Lowe, 2002; Petrosky & Delandshere, 2001) . In Taiwan, the development of science curricula has largely been modeled after the experience of western nations, which emphasize a student-focused approach and an understanding of the nature of science (Tang, 2003) . Since the "Nine-Year Compulsory Curriculum Outline" was published in 1998 by the Ministry of Education and implemented in 2001, the science curriculum has undergone multiple reforms. Currently, this reform process is set to enter its 12 th year. This study examines whether the concept of reforming science education has been truly implemented in science instruction.
Many countries use transnational assessment tests such as Trends for International Mathematics and Science Study (TIMSS) and The Program for International Student Assessment (PISA) to understand the competitiveness of their populace (Chiu & Duit, 2011) . Modern test theory has replaced classic test theory (CTT) with regard to the items on these tests. Item response theory (IRT) operates in accordance with the reaction of test takers to questions and has the characteristics of sample and item independence. IRT employs the maximum probability method and the Bayesian method to estimate parameters for test takers or test items to obtain the logit score (Wright & Linacrc, 1992) . Rasch analysis is a type of one-parameter IRT logistic model that converts ordinal data into interval data to resolve sample dependence and non-equidistance limitations encountered in CTT (Rasch, 1960) . Each latent trait is estimated using the linear probability relationship between test-taker competency and item difficulty for each item. From the distribution graph of test takers and test item coordinates on the same continuous band, any response abnormalities are analyzed using the distance relationships between test takers and test items (Fischer, 1987) . The Rasch model represents the difficulty of IRT in an objective and equidistant manner. It is capable of proving content validity, structural validity, generalized validity, essential validity, interpretive validity and external validity. The Rasch model can also be used to replace the factor analysis of CTT and test for unidimensionality in the test paper. Because it is an equidistant and objective assessment, the Rasch model can improve on the insufficiencies of CTT (Rasch, 1960) , such that testing truly fulfills the functions of scientific prediction and inference. The data provided by Rasch analysis on the response pattern of test takers can confirm whether the test takers are the optimal target population and assist in building an item bank and developing computerized adaptive testing.
Research on self-assessment scales has flourished with the autonomy and interactivity of learners emphasized in student-centered learning (Ross & Starling, 2005) . The more closely self-assessment scales match teaching objectives, teaching materials and test content, the more effectively the scale results can predict the learning situation of students. Research has shown that by teaching students how to accurately conduct selfassessment and understand its purpose in the educational environment, teachers can enhance consistency between self-assessment and teacher assessment (Ross, Rolheiser, & Hogaboam-Gray, 1999; Sung, Chang, Chiou, & Hou, 2005) . With regard to the differences between teacher assessment and student self-assessment, teachers can gain an understanding of the needs of students through dialogue in order to design suitable classroom activities.
This study explored the challenges encountered in the macroscopic context of globalized science curriculum reform. Conducting a questionnaire survey, we employed the Rasch model to analyze the learning situation of junior high school students with regard to scientific concepts and employed data processing to identify basic shared concepts.
Literature Review

International comparison of educational testing
The understanding of scientific concepts is extremely important to the learning of science. Since the 1970's, western countries have been conducting studies on the learning and understanding of specific science-related concepts. Since 1980, identifying the science-related concepts that students understand and determining how students comprehend scientific phenomena has become an important area in science education research. This work promoted a better understanding of how students learn and deeply influenced the progress of science education.
The most representative international science education tests are TIMSS and PISA. The TIMSS was first conducted in 1970 with a total of 19 participating nations. By the time the second TIMSS was proposed in 1980, the number of participating nations had increased to 24. In 1990 the International Association for the Evaluation of Education Achievement, (IEA) launched the third TIMSS with more than 40 participating nations (NTNU, 2013) . Taiwan applied to join the IEA in 1992 and participated in the TIMSS REPEAT (TIMSS-R) launched by the IEA in 1999. The survey subjects were 8 th grader students (13 year old age group). A total of 38 nations participated in TIMSS-R. In view of the emphasis placed on math and science education as well as the learning achievements of students, TIMSS was changed to an international test conducted once every four years. The subjects of TIMSS 2003, which surveyed knowledge, application, and inference with regard to math and science, comprised 4 th grade students and 8 th grade students. To expand the above cognitive domain, TIMSS 2007 integrated additional key content areas. The content of 4 th grade science includes life sciences, natural sciences, and earth sciences, while 8 th grade science comprises biology, chemistry, physics, and earth sciences.
Hosted by the Organization for Economic Cooperation and Development (OECD), PISA is a global student assessment program that compares the learning effectiveness of 15 year olds in relation to life skills and knowledge, analyzes the effectiveness of education in each nation, and defines national literacy from these results. The program also examines how school structure influences educational quality and equality, explores educational equality through variation ratios that can be explained through socioeconomic factors, and analyzes whether educational opportunities are equal and whether educational quality is consistent between public and private schools, urban and rural areas, and different ethnic groups. The design of PISA items focuses on application and situational mimicry rather than being restricted to curriculum content. Students taking the assessment must first comprehend the information and actively use their ability to process, evaluate and contemplate data in the formation of answers to the problem scenarios. The central point of the assessment is determining whether young people can apply the knowledge and skills they have acquired to real world problems, rather than simply mastering the school curriculum. The assessment covers the degree of competency in reading, math, and science. Conducted once every three years, the international assessment combines innovative literacy concepts with the principle of lifelong learning focusing on the key knowledge and skills required in adult life. The assessment outcomes provide food for thought as well as a basis for evaluating and monitoring performance in education sectors worldwide. Each assessment primarily tests one academic discipline, while conducting supplementary testing of two other disciplines. For example, in 2006, science was the main subject tested, supplemented by reading and math. In 2009, reading was the main subject tested, supplemented by science and math.
In 2001, Taiwan implemented the nine-year compulsory curriculum, and in 2002 hosted the first national science education conference. The conference concluded by emphasizing the goals of properly instructing each student, promoting lifelong learning, and achieving a consensus on popular science education. To provide more systemized information about science learning, the National Science Council of Taiwan has sponsored a taskoriented integrated research project, which commenced in 2000 and is conducted by a group of researchers in science education. The long term objectives are to enable the systemic research of student understanding of key science-related concepts, identify the factors that influence misconceptions, and develop teaching strategies to promote better understanding of science-related concepts. The study conducted cross-sectional sampling of 6 th , 8 th , 9 th and 11 th grader students with the aim of determining how well students comprehend concepts related to physics, chemistry, and biology. The research concepts related to physics include motion, force, torque, heat, light, sound, atmospheric pressure, earth movement, magnetism, and electricity. The concepts related to biology include taxonomy, reproduction, ecology, animals and plants, respiration, plant growth, evolution, genes, the nervous system, and the use of microscopes. The concepts related to chemistry include current, electrons, redox reaction, particle models, chemical equilibrium, acidity and alkalinity, classification of chemical elements, materials science, and organic compounds. The science education research team worked together through group meetings, workshops, discussions, and reports. Using concept maps and propositional statements, researchers sought to determine (through interviews) how well students comprehend science-related concepts. The alternative conceptions of students were compiled through interviews and these results were used to develop a two-stage diagnostic test. The first stage was designed to test the real knowledge of students, while the second stage confirmed the interpretation and reasoning of students. Test questions were developed from the pilot experimental results of each sub-study and the results were used to analyze and select the items more suitable for investigating the misconceptions of students (Treagust, 1988) . Subsequently 10-15 questions were selected for each subject and further examined, discussed and filtered by domain experts. After pre-testing, analysis and modification, questions of higher quality were produced as a written test. From 2000 to 2004 the two-stage diagnostic test was used to assess the alternative conceptions of students. This not only provided science teachers with a reference for the improvement of teaching practices and the preparation of textbooks, but also served as an important foundation for research on science education.
Test theory
The development of classic test theory (CTT) has allowed psychological testing to more closely approach scientific assessment. Classic test theory is used to establish norms through stringent, standardized control of test procedures, to eliminate subjectivity from psychological testing. This has contributed immensely to preserving the scientific basis of social sciences (Andersen, 1995) .
The theoretical basis of the IRT (Item Response Theory) model assumes that the ability to be tested is a fixed potential property , therefore the ability of the nth test-taker is n . Each item designed in the test must also be provided an objectively standardized difficulty, and the difficulty of item i is assumed to be b i . The overall performance of test takers in this test has a fixed upper level d, which reflects the upper limit of the score obtainable by test takers. This variable can also be interpreted as the percentage of the total test score accounted for by the maximum score obtained after deducting for careless mistakes. There is also an upper level limit for the overall performance of test takers c, a value which reflects the lower limit of the score obtainable by test takers. This can also be seen the percentage as the total test score accounted for by the minimum test score obtainable from making correct guesses (Custer, Omar, & Pomplun, 2006) . In this model, a i is the discrimination level of the ith item, used to demonstrate the cumulative probability gap between different test items. Based on the theoretical assumptions described above, the theoretical model of CTT can be expressed as follows:
where the probability that the nth student answers the ith item correctly is . In addition to being affected by test-taker ability n and item difficulty b i , this probability value is also influenced by item discrimination a i and the upper limit d and lower limit c of ability. The IRT is widely used in competency tests and computer adaptability tests. However, because the model explores a range of factors, most educational or psychological assessments employ a simplified IRT model, of which the Rasch model is the most popular. Danish mathematician G. Rasch (1901 Rasch ( -1980 proposed a new measurement model to solve the issue of whether the original scores are intervals and whether they are scientifically objective. Later researchers have used this to build a completely new set of test theories that have lifted psychological testing to a truly scientific level.
By analyzing the item responses of test takers, the Rasch model (1960 Rasch model ( , 1980 places the estimated values for the ability of test takers and item difficulty into the same interval, represented in units of logit. The parameter of item difficulty is usually standardized to a mean of. In the common two-or three-parameter IRT models, the ability scale of test takers is usually standardized to score scale with a mean of 0 and a standard deviation of 1. Like other IRT models, through shared items the Rasch model can vertically scale the items designed in response to differences in ability among test takers of different ages. Test-taker competency and item difficulty are placed within the same scale which assists in long-term monitoring of the growth of capability. The Rasch model is suitable for analyzing binary scored data. Logit conversion of test-taker ability and item difficulty b is used to obtain a mathematical formula for win (P) (the probability that the test-taker will answer the item correctly) to solve for the relationship between the two variables. The equation is shown below (Rasch, 1960) .
where j indicates the ability of test-taker j, b i is the difficulty of item i, and P ij is the probability that the test-taker will answer an item correctly. In the Rasch model, all items are required to have a high degree of discrimination a=1.0 and zero rate of guessing correct answers c= . The most important feature of this model is its strict requirements regarding item characteristics and the response of test takers. If these requirements are met, the computed ability will accurately reflect the actual competency of the test taker.
Regular IRT models are divided according to the different use of parameters, as follows: one-parameter logistic model, two-parameter logistic model, and three-parameter logistic model, as shown in Table 1 . Hambleton & Swaminathan (1985, p. 49) Note: In these equations, is the estimated potential ability of test takers and Pi is the probability that test takers with ability will correctly answer item i.
The properties of the Rasch model in scenarios with a binary scoring format (right or wrong) have been extensively researched. One additional feature of the Rasch model is that testing must be unidirectional. This is how the estimates of test-taker ability and item difficulty can be placed within the same potential property and their relative positions determined. Multi-directional test scores would render the comparison of test scores meaningless and apply the final inferences into question (Smith & Miao, 1994; Wright & Mok, 2004) . Essentially, the ability to add and subtract test scores implies that the items are measuring the same entity and satisfies the requirement of unidirectionality. To verify unidirectionality requires the passing of specific tests, which can be accomplished using the Rasch model. The Rasch model also converts ordinal data into interval data, thereby solving the problems of test dependency, sample dependency, and non-interval original scores, which are commonly encountered in CTT. The Rasch model is based on a theory-oriented analysis method capable of examining the structure of test concepts to ensure that it complies with theoretical expectations. This approach should be able to prevent the problem of inconsistency among factors, which plagues exploratory factor analysis.
Self-assessment
Self-assessment refers to evaluating and determining the quality of one's own performance as well as identifying strengths and weaknesses in order to improve learning results (Klenowski (1995) ). Through selfassessment, learners can examine their personal strengths and weaknesses in a particular subject. Based on the objectives, self-assessment can divided as follows: 1)Achievement-oriented self-assessment, in which assessment results are related to selection, identification, achievement, and diagnosis; and 2)Development-oriented selfassessment, which assesses the management of self-learning and the learning process (Bachman, 2000; Oscarson, 1989) . Self-assessment is seen as an effective tool to help students gain a better understanding of assessment objectives and indicators (Orsmond, Merry, & Reiling, 2000) , which positively contributes to learning. Selfassessment can also aid students with poor grades to understand the cause of their struggles and reveal the source of their frustration (Taras, 2002) . McDonald and Boud (2003) found that in many academic subjects, self-assessment positively influences the learning achievements of students. Evidence from most of the above studies shows that self-assessment can increase the motivation of students to achieve, thereby effectively improve their learning behavior. Nonetheless, the accuracy of self-assessment has often been questioned. Sullivan and Hall (1997) found that nearly 40% of students overestimate their performance, indicating that the subjective judgment of individuals can easily detract from the reliability and validity of self-assessment results. The stability of assessment validity is also influenced by differences in the individuals being assessed. Related studies have found that self-assessment results usually exceed the results of teacher assessment and the consistency of self-peer assessment is usually higher than that of self-teacher assessment (Bergee, 1997; Ross et al., 1999) . Boud and Falchikov (1989) found that when self-assessment affects ranking within overall classroom scores, students tend to overestimate their abilities.
This study used the Rasch model in the self-assessment of students with regard to science related concepts. In contrast to CTT, the Rasch model considers both competency and item difficulty when testing comprehension. The Rasch model interprets two main types of outcomes based on the concept of ANOVA; therefore, the value of the competency parameter is unrelated to the value of the difficulty parameter and vice versa. The only area that the two parameters mutually influence is the rate of correct-incorrect answers on the left side of the equation. The above scenario indicates that when the Rasch ability value replaces the original score as the reported score, this value is entirely unrelated to the difficulty value and is not influenced by the test instrument. Put simply, the Rasch approach is an objective form of measurement.
Research Method
Taiwanese students in the ninth grade have undergone six years of elementary school and three years of junior high school in order to complete the nine-year compulsory curriculum. In order to understand the learning progress of students, this study used the BILOG-MG computer program to apply the Rasch 2PL model for analysis. This model was used for the self-assessment of ninth grade students with regard to science-related concepts in order to accurately estimate the competency of test takers in science.
The population for the questionnaire survey in this study comprised students currently employed in public junior high schools in the southern part of Taiwan, excluding special education students. Strata sampling was used to select test subjects. Kaohsiung City and Pingtung County were selected in the southern part of Taiwan as the first stratum according to the ratio of students, while the second stratum included schools categorized by size. The number of schools was summed and a fixed ratio was used to determine the number of schools for sampling.
A pilot sample was drawn from public junior high schools on the mainland of Taiwan. Five schools were sampled from ten junior high schools. The schools in the pilot sample were not categorized on the basis of size. Ten questionnaires were distributed in each school and 100 ninth grader students were selected as participants in the pilot test. The population of the official questionnaire survey was ninth grade students in public junior high schools in Taiwan. In accordance with the ratio of school size and number of students in each region, we used random strata sampling to select a total of 145 public junior high schools from which 1,326 students were sampled (approximately 1% of the total population of ninth grade students in Taiwan public junior high schools). The first stratum was based on the number of ninth grade students. Questionnaires were distributed to 1,326 students in 145 public junior high schools. The number of questionnaires recovered was 1,155, making an overall recovery rate of 87%. After eliminating those with incomplete personal data, omissions, and fixed responses, there remained 1,005 valid questionnaires, resulting in an approximate usability rate of 76%.
Results
This study applied IRT to the learning of natural and life sciences, for the purpose of constructing a selfassessment scale capable of evaluating the comprehension of ninth grade students with regard to science-related concepts. Random strata sampling was used to sample ninth grade students in the southern of Taiwan. BILOG-MG computer programming was utilized for estimation and Rasch two-parameter logistic model (2PL) analysis was used to determine how well ninth grade students comprehended science-related concepts.
Parameter estimation of science concept items
This study used IRT parameter estimation software (BILOG-MG), to test the 219 test items and employed Rasch 2PL to analyze difficulty and discrimination. The first time that this study conducted parameter estimation, we were unable to estimate parameter values for Item 14 ("Is the Milky Way the only galaxy in the universe?"), Item 28 ("An iron cooking pot has become rusty, is this classified as a chemical change?"), Item 33 ("Are all organisms multi-cell?") and Item 42 ("Is the urinary system the only excretory system in the human body?"). This may be due to the low variance in the response patterns among test takers in answering these test questions. This study defined the four items above as unsuitable and re-estimated the results of the remaining 215 items. Based on the results estimated from each item, we conducted wide-ranging discussions on the concepts corresponding to the questions and used descriptive statistics to conduct situational analysis. The analysis results are as follows:
1). The degree of discrimination as estimated from the 215 items ranged between .31 and 2.34 (mean discrimination: 1.27). The mean discrimination level of concepts ranged from .68 to 1.78. Wang (1995) claimed that a regular degree of discrimination ranges from 0 to 2, such that items with a score of .8-1.25 are considered to have good discrimination. Of the questions designed in this study, 67 fell within the range of good discrimination and the remaining 115 had discrimination higher than 1.25. Among the 44 concepts, 16 fell within the range of good discrimination and 24 had levels of discrimination higher than 1.25, indicating that the questionnaire in this study is considered to be highly discriminative (as shown in Table2).
2). The difficulty values estimated for the 215 items ranged between -2.46 and 2.30 mean difficulty value: -.95 . The difficulty value of concepts ranged from -1.87 to -.07, indicating that the test questions designed in this study are moderately easy. The 15 items with higher difficulty are listed in order as follows: "materials", "creativity, design and manufacturing", "life diversity", "information and communications", "organic compounds", "food and biotechnology", "scientific ethics", "combustion, oxidation and reduction of substances", "transport", "reproduction, genetics and evolution", "development and utilization of energy", "conservation and utilization of resources", "relationship between man and nature", "acidity, alkali, salt" and "electrical and mechanical applications". Students performed more poorly on these 15 concepts, compared to other concepts. 
Conclusions
Taiwan referred to the curriculum reform in other advanced nations in the reform its nine-year compulsory curriculum. After identifying the orientation of a competency-based curriculum, Taiwan identified ten basic competencies and then proceeded to develop ability indicators for each field based on these competencies. Competency-oriented education is the current trend in curriculum reform in the U.S., UK, Australia, and New Zealand. The quality of competency indicators and teachers' understanding of these criteria are essential to implementing competency-oriented curricula.
Diagnostic tests for teaching evaluation should be based on Rasch measurement results
This study used the Rasch model to analyze the discrimination and difficulty levels of science-related concepts and basic science competencies in test questions. Our results indicate that the results of self-assessment and informal testing would be more valuable as reference data if they more accurately represented the scores of learners -in other words, if they had more predictive validity. Therefore, self-assessment tools for students must be empirically proven in order to build reliability, content validity and predictive validity. Only in this way can we facilitate more accurate diagnosis of learner capability.
A structure for diagnosing the item response of students should be constructed to replace conventional test analysis and to build a framework for diagnosing the response of students to test items
This study demonstrated that the first task in diagnostically interpreting test data is building a reference framework for diagnosing the response of students to test items. The strengths and weaknesses of this framework are determined by the quality of competency variables. The development of competency variables must be based on the theoretical basis of cognitive psychology. Effective diagnostic analysis can be achieved only by interpreting in the manner and extent to which students understand specific concepts when based on a theoretical framework. This study demonstrated that replacing conventional item analysis approach with Rasch analysis can overcome the problems of CTT to develop exams of superior quality. The capability afforded by the Rasch analysis method should be exploited to build a new set of theories for item analysis.
The actual capabilities of students must be considered in the development and selection of teaching activities
When designing teaching activities, teachers must use competency indicators as benchmarks and integrate them with teaching materials in order to convert them into lesson content. The vehicle of teacher presentation and classroom activities can then be used to achieve predetermined teaching objectives. However, after developing teaching activities, there is an even greater need for teaching evaluation capable of identifying the progress of students and determining whether students have acquired the basic competencies in each stage of learning. This could assist students to grasp their own strengths and weaknesses in learning and guide them in self-reflection and learning improvement.
